ABSTRACT. Growth hormone (GH) is a part of the somatotropic axis that controls metabolism, growth, development and aging in a wide range of animals. Mutations that reduce GH signaling have been associated with extended life spans and increased longevity in ways similar to what is observed in dietary restriction (DR) models. However, the mechanism by which DR works is not well understood. Here, we show that DR works as a factor in the evolution of the genetic make-up of domestic cattle. In a series of 6864 bovines of seven Bos indicus and tropically adapted Bos taurus breeds, the frequency of a short, wildtype allele of the promoter region of the bovine GH gene, G1 allele, varied from 2.7 to 17.7%. The frequency of the long, domestic G2 allele increased from 88 to 95% along 20 calf crops of commercial Bos indicus cattle of the Nelore breed undergoing selection for increasing Survival of the thriftiest post-weaning weight gain with ad libitum nutrient intake. Under DR, however, the G1 allele sustained growth better than the G2 allele, as observed in a series of feeding tests. The G2 allele was even detrimental or abiotropic, as it caused rapid body decay under DR. We observed a reflection symmetry of GH allele substitution effects on body weight under different dietary schemes. The G2 allele is featured as the "demanding allele", because it is optimally fitted to ad libitum nutrient intake. The G1 allele is featured as the "thrifty allele" because it is optimally fitted to DR. Our results show that dietary regimens need not extend lifespan or increase longevity in the sense of age-specific fitness. Instead, adaptation to any particular dietary regimen is just as much a consequence of selection as its cause; dietary regimens work as do any selection force, optimizing genotypic fitness to nutritional conditions.
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INTRODUCTION
Growth hormone (GH), as part of the somatotropic axis, controls metabolism, growth, development, and aging in a wide range of animals (Berryman et al., 2008) . Mutations that reduce GH signaling have been associated with extended life spans and increased longevity in ways similar to what is observed in dietary restriction (DR) models (Shimokawa et al., 2003; Zha et al., 2008) . However, the mechanisms by which DR works are not well understood.
In bovines, it has been shown that the somatotropic axis is functionally coordinated by nutrient intake and GH (Smith et al., 2002; Butler et al., 2003; Radcliff et al., 2006) . Associations of GH gene polymorphisms and bovine growth and carcass traits have been reported (Schlee et al., 1994; Lee et al., 1996; Grochowska et al., 2001; Sorensen et al., 2002; Paz, 2002; Ge et al., 2003; Katoh et al., 2008) . However, these studies were performed on Bos taurus populations under ad libitum feeding conditions.
Biallelic G1/G2 polymorphism is characterized by the presence of one (G1) or two (G2) AAG trinucleotides in tandem, 9 bp upstream from the TATA-box transcriptional control site in the promoter region of the bovine GH gene (pGH) (Gordon et al., 1983; Rodrigues et al., 1998 Rodrigues et al., , 1999 . The long G2 allele was originally described in Bos taurus cattle (Gordon et al., 1983) , while the short G1 allele was observed in water buffaloes, Bubalus bubalis, and also in Bos indicus and some tropically adapted Bos taurus breeds (Rodrigues et al., 1998 (Rodrigues et al., , 1999 . Since molecular phylogenetics has shown that Bos and Bubalus shared the same ancestor some 5-8 million years ago (Ritz et al., 2000; MacEachern et al., 2009) , we assume that the G1 allele is the ancient wild-type form, whereas the G2 allele is the mutated, domestic form.
To understand the effects of each pGH allele on bovine growth and adaptability in domestication, we genotyped a large series of 6864 bovines of seven Bos indicus or tropically adapted Bos taurus breeds reared in Brazil. Feeding tests were performed in four different locations in Brazil characterized by varying degrees of nutrient intake, from ad libitum feeding in feedlots and supplemented pasture to varying degrees of DR, under exclusive pasture diets. 
MATERIAL AND METHODS
Animals were genotyped by polymerase chain reaction (PCR) and PCR-RFLP (restriction fragment length polymorphism), followed by gel electrophoresis and fragment analysis. Preliminary screening was performed in the Excegen database to establish genotype frequencies in the different cattle breeds. Feeding tests were performed with animals of the Nelore breed in four different locations in Brazil that are characterized by varying degrees of nutrient intake, from ad libitum feeding in feedlots and supplemented pasture in Sertãozinho and São Carlos, São Paulo State, respectively, to varying degrees of DR under exclusive pasture diets in Sertãozinho, Jaraguari and Paracatu. Animals were weighed at regular intervals up to age 570 days, according to feeding test protocols at each location. Growth traits and the contrasts between genotypes were analyzed by least squares and maximum likelihood methods, a mixed model to separate selection response from genotype effects, and Cohen's d effect size measure, with differences checked for statistical significance by the Komolgorov-Smirnov test. Detailed descriptions of material and methods are provided next and in Table 1 .
Samples and genotyping
Either nasal swabs conserved in ethanol or about 40 hair follicles from the tail of each animal were collected in the field. DNA from 40 mL of nasal swab was extracted using the "DNA IQ System" (Promega, USA), according to manufacturer instructions. DNA extraction from hair follicles followed a standard phenol-chloroform extraction method. Extracted DNA was dissolved in deionized water to the final working concentration (50 ng/mL). PCR for pGH genotyping was carried out with primers 5'-TGGCAGTGGAGACGGGATGATG-3' (forward primer, FAM-labeled) and 5'-CCTGCTGGGCCATTTTTATACCCTGG-3' (reverse primer). The PCR mixture included: 2 mM MgCl 2 , 0.375 mM each dNTP, 1 pmol each of forward and reverse primers, 1 unit GenoTaq ® (5 U/mL, Genon Ltda., Brazil) and 50 ng DNA template, in a 20-mL total reaction volume overlayed with mineral oil. PCR was carried out in a Mastercycler PCR thermocycler (Eppendorf, Germany), with the following profile: hot start at 94°C, 10 min; 35 cycles of 94°C for 1 min, 58°C for 1 min and 72°C for 1 min; final extension at 72°C for 4 min, then a post-reaction at 4°C. pGH PCR products of 193 bp (G1 allele) or 196 bp (G2 allele) were separated and analyzed by polyacrylamide gel electrophoresis (PAGE) in a MegaBACE 1000 capillary sequencer (GE Healthcare Life Sciences, USA). Electropherograms were analyzed using the Fragment Profiler software and the results were deposited in our data bank for further statistical analyses.
PCR-RFLP genotyping of exon-5 of GH, to which the GH gene L127V polymorphism has been ascribed (Lucy et al., 1991) , was performed according to Schlee et al. (1994) in a subset of 85 Nelore bulls taken at random out of our series of experimental animals, encompassing all three G1, G2 genotypes. This was meant as a screening to rule out any confounding effects of the L127V variant site on production traits (Lee et al., 1996; Grochowska et al., 2001; Paz, 2002; Sorensen et al., 2002; Ge et al., 2003) . PCR-RFLP AluI (Gibco BRL, 10 U/mL) digests were separated by PAGE, followed by silver staining, as described by Sanguinetti et al. (1994) . Any possible confounding effects of the GH gene L127V variant site on growth traits were ruled out because all experimental herds were monomorphic (LL). The fixation of the LL genotype in our herds confirms previous reports on L allele fixation in the Brazilian Nelore Survival of the thriftiest population (Rosa, 1997) and the Brahman breed (DeNise, 1996) . Absence of the V allele in the zebu population in Brazil could be explained by the small number of animals that gave origin to the Brazilian herd and by the very low frequency of this allele (Mitra et al., 1995) .
Field conditions, feeding tests
Experimental conditions ranged from pasture feeding (Sertãozinho, Jaraguari and Paracatu) to supplemented pasture feeding (São Carlos), to feedlot feeding (Sertãozinho). Pasture quality, as assessed by availability of green roughage during the feeding tests, decreased from irrigated pasture on quartzarenic neosol (Perdizes Farm, Jaraguari, MS, 20°22'29.78"S, 54°18'52.66"W), to non-irrigated pasture on basalt-derived, dusky-red latosol (Sertãozinho Experimental Station, Sertãozinho, SP, 21°9'38.73"S, 48°5'28.85"W), to non-irrigated pasture on red-yellow quartzarenic latosol (Varanda Farm, São Carlos, SP, 21°58'32.80"S, 47°45'45.57"W), to non-irrigated pasture on a more oxidic, "chapada" type litholic neosol (Paracatu Experimental Station, Paracatu, MG, 17°6'39.63"S, 47°1'31.33"W). Feedlot feeding was our experimental model of ad libitum feeding, whereas pasture feeding constituted a model of varying degrees of DR. Animals were weighed at regular intervals from birth to 570 days of age, according to the feeding test protocols at each location (Table 1) . In the feeding test at Jaraguari, MS, animals were pasture-fed and received water and mineral supplementation ad libitum, according to standard practices of the annual feeding test at the Perdizes Farm (Quilombo E&P Ltda., Brazil). Pasture at Jaraguari was irrigated, so that green forage was available ad libitum all year long. Animals entered the feeding test at age 8-10 months and were sent to market 365 days later. Weight was adjusted to 550 days of age according to
with AW365 being actual weight, in kg, after the end of 365 days of feeding test; BW, birth weight, in kg; AEFT, actual age, in days, at the end of the feeding test.
At the Sertãozinho Experimental Station, young bulls were fed silage ad libitum in the feedlot and heifers were exclusively pasture-fed; both bulls and heifers also had mineral mixture and water ad libitum. Young bulls in Paracatu were reared on a pasture diet, with mineral supplementation and water ad libitum. In order to produce full siblings of different genotypes at São Carlos, a G1/G2 heifer was mated to an unrelated G1/G2 bull by means of current in vitro fertilization and embryo transfer protocols. Twelve full sibling heifers and bulls were pasture-reared with a supplementation of forage, silage and mineral mixture ad libitum. Measures of growth and carcass traits were obtained monthly.
Statistical analyses
Gene frequency, x i , for the i allele, and genotypic frequency, x ii , for the ii genotype were established for the population, according to where n ii and n ij refer to the number of homozygotes and heterozygotes observed for the i allele, respectively, and n refers to the number of individuals analyzed.
In the Sertãozinho experiments, growth traits were analyzed by the least squares method, using the GLM procedure of SAS ® (Statistical Analysis System, SAS Institute Inc., Cary, NC, USA, 2000). To rule out possible confounding effects of selection response after 20 calf crops had undergone selection for weight gain in Sertãozinho herds, preliminary analyses were performed to define the model that best fitted the variation of the traits. Fixed effects of sex, month of birth, dam age, contemporary group (as defined by year of birth and herd), and genotypes that were significant (P < 0.05) were maintained in the final model as Y ijklmn = m + s i + b j + r k + d l + c m + g n + e ijklmn , where Y = BW and W210 for males and females; W378 and H378 for males; W550 and H550 for females; m = general mean for each trait; s i = effect of sex of the animal (only for preweaning traits); b j = effect of year of birth of the animal (j = 1991 … 2003) ; r k = effect of month of birth of the animal; k = 8 (August), 9 (September), 10 (October), and 11 (November); where k > 11 = 11; d l = effect of dam age, in years (l = 3,...,11); l > 11 = 11; c m = effect of the contemporary group; g n = genotype (G1/G1, G1/G2, G2/G2); e ijklmn = sample error, and BW = birth weight, in kg; W210 = weaning weight, in kg, adjusted to 210 days of age; W378 and W550 = post-weaning weights, in kg, adjusted to 378 and 550 days of age for males and females, respectively; H378 and H550 = hip height, in cm, taken from the anterior portion of the sacrum bone to the ground, at the end of the pasture feeding test, adjusted to 378 and 550 days of age for males and females, respectively.
Also at Sertãozinho, the MTDFREML -Multiple Trait Derivative-Free Restricted Maximum Likelihood program (Boldman et al., 1995) was used to determine the growth trait contrasts between the pGH genotypes. The pre-weaning traits were analyzed by means of a one-trait animal model, whereas bi-variate analyses were performed for post-weaning growth traits. The model also took into account fixed effects of sex, month of birth, dam age, contemporary group and genotype, in addition to the random genetic effect and permanent maternal (i.e., environmental) effect. In a preliminary analysis employing the likelihood ratio test, we found that this was the most appropriate model. To separate selection response from genotype effects, the model was run with a relationship matrix that included 1696 animals back to the seventh generation. Because of lack of pre-weaning and parental data from the Jaraguari,
and São Carlos and Paracatu experimental herds, growth traits associated with the different pGH genotypes in the Jaraguari, São Carlos and Paracatu experiments were analyzed by Cohen's d effect size measure (Cohen, 1987) , with differences checked for statistical significance with the Komolgorov-Smirnov test.
RESULTS AND DISCUSSION
A preliminary screening of our genotyping database from 6864 bovines of seven Bos indicus or tropically adapted Bos taurus breeds showed an increasing G1 allele frequency from the Gyr breed to the Brahman breed (Figure 1) . Brahman cattle, which are generally considered among the thriftiest cattle, had the highest G1 allele frequency of all breeds that we studied, followed by Nelore. Because the Nelore breed is by far the most common beef breed in Brazil, we chose it as a model to better understand the effects of each pGH allele on growth traits. However, the Nelore breed does not constitute a genetically homogeneous population -perhaps reflecting the diverse environmental realities in Brazil. In a genetic similarity study, we found that the Nelore population is divided into two genetically distinct populations, which we classified into the "thrifty type" and the "demanding type" (Dani et al., 2008) . These observations provided insight for an analysis of the effects of the G1 and G2 alleles on post-weaning growth traits among Nelore cattle. The first indication that the G2 allele could be associated with higher post-weaning growth as compared to the G1 allele came in 2003 from our study on three experimental Nelore herds maintained at the Sertãozinho Experimental Station in São Paulo, Brazil (Lima, 2003) . These three herds descended from a single herd (a control herd) that had undergone selection and differentiation for either average (one control herd) or increased post-weaning weight gain (two selection herds) (Razook, 1988; Razook et al., 1988 Razook et al., , 2002 . After 20 calf crops of these cattle had undergone selection pressure for increasing post-weaning weight gain, G2 allele frequency had increased to near fixation values (f = 95%) and the G1 allele frequency had decreased from 12 to 5% in the two selection herds, when compared to the control herd. These initial observations were followed by more detailed observations of Nelore cattle, reported here in a series of five feeding tests, including a full-sibling test. These tests were carried out at four different locations in Brazil (Sertãozinho, SP; São Carlos, SP; Jaraguari, MS, and Paracatu, MG) from 2003 to 2008, with 2245 animals of the Nelore breed: 1831 young bulls and 414 heifers. Overall frequencies of the G1 and G2 alleles in these experimental populations were 8.5 and 91.5%, respectively. Total numbers of G1/G1, G1/G2 and G2/G2 animals were 15, 352 and 1878, respectively (Table 1) .
At Sertãozinho, we compared growth traits of 367 young feedlot-fed bulls and 406 pasture-reared heifers. A mixed model was run to separate selection response from genotype effects, with a relationship matrix including 1696 animals back to the seventh generation. In this experiment, we were not able to observe any differences associated with different pGH genotypes until 210 days of age, which was in line with evidence from other studies on the effects of GH (Paz, 2002) and growth hormone receptor gene (GHR; Hale et al., 2000) variants on growth traits, indicating that the effects associated with genetic variants in the GH/GHR axis are best noted after weaning. Significant genotype-associated differences in post-weaning growth traits, such as weight and hip height, were observed among the males in the feedlot regimen, but not among their female counterparts reared on a pasture diet ( Figure  2 ). We hypothesized that distinct environmental sources had accounted for this variation. It was intriguing that the trend towards better performance of G2/G2 that was observed in the more regular ad libitum feedlot feeding model, disappeared in the more exacting pasture feeding model.
A similar trend was observed in a comparison between the feeding tests carried out at São Carlos and Jaraguari. When there was ad libitum feeding under supplemented pasture conditions at São Carlos, homozygous G2/G2, heifers averaged better in growth than their full sibling G1/G1 or G1/G2 counterparts, with differences being consistently observed from birth. In Sertãozinho, significant genotype-associated differences in growth traits such as body weight (A) and hip height (B) were found among feedlot-fed Nelore bulls at 378 days of age (blue squares, W378 and H378, N = 367, means ± SD) but not among pasture-reared Nelore heifers at 550 days of age (red circles, W550 and H550 , N = 406, means ± SD). W378 and H378 contrasts (means ± SE) between G1/G2 and G2/G2 bulls were 10.2 ± 5.3 kg, P = 0.025 and 2 ± 0.6 cm, P = 0.001, respectively.
However, under the less favorable, more exacting pasture feeding conditions at Jaraguari, the differences between the genotypes disappeared ( Figure 3A) . However, in our most exacting, DR model at Paracatu, the general drop in growth tended to be more accentuated for G2/ G2 cattle than for G1/G2 or G1/G1 cattle. The G2/G2 cattle performed similarly to G1/G2 cattle in final body weight most of the time; however, as DR intensified, weight gain began to worsen at a higher rate for G2/G2 cattle than for G1/G2 or G1/G1 cattle ( Figure 3B ). The worsening growth performance with increasing DR in three series of feeding tests followed a non-conservative pattern; i.e., G2/G2 cattle were more affected by DR than G1/G2 or G1/ G1 cattle ( Figure 3A,B) . Accordingly, the decrease in the performance of G1/G1 and G1/G2 genotypes with increasing DR was more conservative, hinting at a greater resilience of G1/X cattle (i.e., G1/G1 and G1/G2 cattle) in sustaining weight gain under DR. The average daily weight gain contrast between G1/X and G2/G2 cattle increased from 26 g/day in April, up to 52 g/day in June, meaning that the average relative weight gain; i.e., average daily weight gain as a function of body weight of G1/X cattle, was 25% higher than that of G2/G2 cattle (Figure 4 ). Notwithstanding the lower number of G1/G1 cattle in this DR experiment, pairwise comparisons among genotypes yielded a reflection symmetry of pGH allele substitution effects on body weight in the distinct dietary schemes, with higher differences being found in the comparisons between G1/G1 and G2/G2 cattle. These differences hint at i) an abiotropic rapid bodily decay effect of the G2 allele under DR, as opposed to a resilient growth effect of the G1 allele under DR and ii) symmetrically reflected disadvantageous effects of G1 allele substitutions under ad libitum conditions ( Figure 5 ). A shift to the thriftiest. Better weight gain performance of the G2/G2 genotype is observed in the most favorable ad libitum supplemented pasture feeding model (A) (red triangle, eight full-sibling Nelore heifers at São Carlos). In a more exacting feeding model, the differences between genotypes disappeared [orange triangle in A, irrigated pasture feeding, 1269 unrelated Nelore bulls at Jaraguari]. In the most exacting dietary restriction (DR) model at Paracatu (B), G2/G2 Nelore cattle tended to perform even worse than G1/G2 and G1/G1 cattle in weight gain (red triangle) and weight at 570 days of age (orange triangle). The 191 Nelore bulls in this pasture feeding test were progressively subjected to DR as the drought season approached. DR is hinted at the lower average weights in B as compared to A. Pairwise body weight differences associated with different pGH genotypes changed symmetrically from São Carlos (ad libitum pasture/feedlot feeding) to Paracatu (dietary restriction (DR), pasture). These changes are reflected in the magnitude and direction of the differences, as measured by Cohen's d effect size measure. G2/ G2 and G1/G2 animals performed better than G1/G1 under ad libitum conditions, but under DR the relative performance was inverted. Higher differences were found in the comparisons between homozygous G1/G1 and G2/G2. The number of G1/G1, G1/G2 and G2/G2 Nelore animals were, respectively, 2, 5 and 5 in São Carlos and 2, 47 and 142 in Paracatu. Statistical analysis was conducted by a one-tailed Komolgorov-Smirnov test. Differences between G1/G1 and G2/G2, in the Paracatu group, were significant (P = 0.0075); differences between G1/G1 and G1/G2 were significant (P = 0.025); differences between G1/G2 and G2/G2 in Paracatu were not significant, and Cohen's d was very small in this comparison. An analogous significance analysis could not be conducted for the São Carlos group due to the very small sample size, and only size effects are reported. There was an after birth weight adjustment of G1/G1 siblings, which were born to G2/G2 surrogate mothers, hinting at a possible loss of maternal effect during the first two months of life. Depicted are ADWG differences (triangles), which were significant at P < 0.05 in the Komolgorov-Smirnov test (K-S test). In May-June, accumulated mean relative daily weight gain (AMRDWG, right column) of G1/X bulls was 25% higher than that of G2/G2 bulls. Depicted are AMRDWG differences (division signs), which were significant at P < 0.10 in the K-S test. The insets show the switch in the K-S relative daily weight gain distribution pattern from a non-DR (G2/G2 curve above the G1/X curve) to DR (G2/G2 below G1/X curve).
The conclusion we can draw from the feeding test results reported here is that under more favorable, ad libitum feeding conditions, homozygous G2/G2 cattle perform better than G1/G1 cattle (or G1/G2 cattle, to a lesser extent) in post-weaning growth traits. This explains why the G2 allele was nearly fixed in the ad libitum fed population. Under more exacting DR conditions, however, G1/G1 cattle (and G1/G2 cattle, to a lesser extent) performed better in post-weaning growth or, more to the point, they were more resilient to DR-related decreases in growth rates than their G2/G2 counterparts. Under DR, two G1 alleles provided maximal adaptation, exhibited as growth resilience and thriftiness, while one or two G2 alleles were detrimental or abiotropic. These differences may be a consequence of allele substitution effects on fine-tuned regulatory transcriptional dynamics at the pGH site. As a result of these dynamics, homozygous G1 cattle are expected to be favored in the most exacting DR selection schemes, with a resulting increase in reproductive advantage of the G1 allele, while, in less exacting situations, both homozygous G1/G1 and heterozygous G1/G2 cattle would be favored. Under more favorable conditions, both G1/G2 and G2/G2 would be favored over G1/G1, which would result in genetic polymorphism still being maintained in the population.
Whereas it appears plausible that the superior performance of cattle carrying the G2 allele is the reason for the fixation of this allele in some domesticated Bos taurus cattle reared under nutrient-surplus conditions, it appears equally plausible that the thrifty nature of the G1 allele is the reason for its conservation in some thrifty Bos indicus cattle breeds, such as Brahman, Nelore and Guzerat, reared under more exacting environments. There is no reason to believe that either of these alleles will promote better adaptation, extended life span or increased longevity (in the sense of age-specific fitness, resilience or resistance to failure) by themselves; on the contrary, there is every reason to believe that each of these alleles will promote these life-promoting tasks within a range of nutritionally distinct environments when they are selected for. In other words, there can be no certainty about which nutritional scheme is better until we know exactly how different nutritional adaptations are inherited.
This argumentation has a bearing on the general presumption that DR works by increasing life span and longevity. Our results suggest that DR may even be detrimental to G2 cattle, while DR may be better tolerated by G1 cattle. Therefore, it may be a fallacy to assume that DR itself works to increase lifespan and longevity, without understanding the genetic structure of the population under DR. It should not be forgotten that lifespan and longevity under different dietary regimens are just as much consequences of selection as their causes. In other words, we should not speculate about ideal nutritional schemes without knowing the genetic make-up of the individual or population and the environment in which this genetic make-up evolved.
A gene can be maintained or lost in a population as a function of random drift, associated with small population size, or due to the gene's ability or inability to confer adaptive advantage, in other words, the "fitness value" of the gene. Adaptive advantage obviously depends on the environment, meaning, both in the case of domesticated cattle and of people, not only the natural environment but also -which is less obvious -the man-made environment. This is illustrated by the divergence in North Eurasian cattle breeds, which involves polymorphisms in genes of the somatotropic axis, more than neutral microsatellite polymorphisms (Li et al., 2006) , indicating a role of man-guided selection in enhancing production traits.
However, even over 10,000 years of multiple domestication events (Loftus et al., 1994; Troy et al., 2001; Hanotte et al., 2002; Bruford et al., 2003) have not been sufficient to remove the ancient, wild-type G1 allele from some bovine populations. Our study recapitulates what might have happened during evolution and during domestication of cattle; we suggest that the G1 allele was maintained in those cattle populations because it confers a "thrifty phenotype", which would have been advantageous in exacting environmental conditions, such as those accompanying drought, overgrazing and desertification in some regions of the world.
It is a happy circumstance that Brahman cattle, which is the breed showing the highest G1 allele frequency (Figure 1) , are distinguished among all Bos indicus cattle for their "thrifty phenotype". This phenotype has been generally recognized as the outstanding feature of these cattle, a feature that has been translated by Brahman breeders as environmental adaptivity, longevity, ability to survive and thrive where other types have failed, hardiness and ability to produce on marginal lands (ABBA, 2009). These are also known attributes of the "thrifty Nelore type", and the Guzerat breed, which is genetically similar to the Brahman (Dani et al., 2008) .
Thrifty cattle and thrifty genes have a lot to teach us about the past, the present and the prospects for the future. We are taught to believe that crop and animal breeders and geneticists alike carry a great deal of responsibility for feeding mankind today and in the future. Most people like to think about this responsibility as meaning that scientists and breeders have to continually devise new technologies, varieties or breeds with ever increasing production traits. It seems as if we hungry humans are improving on our own right, making our animals and plants in our own image and resemblance. However, in the real world of increasing population and shrinking resources, only decreases in the production and consumption of food will lead to a reduction in our socio-environmental impacts (Diamond, 2002) .
We must then begin to think more seriously about this profound truth; when it comes to limited resources, it is "survival of the thriftiest".
